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Abstract: The article presents an adaptable data model based
on multidimensional space. The main difference between a
multidimensional data representation and a table representation
used in relational Database Management Systems (DBMSs) is
that it is possible to add new elements to sets defining the axes of
multidimensional space at any time. This changes the data model.
The tabular representation of the relational model does not allow
you to change the model itself during the operation of an
automated system. Three levels of multidimensional data
presentation space are considered. There are axis of
multidimensional space, the Cartesian product of the sets of axis
values and the values of space points. The five axes of
multidimensional space defined in the article (entities, attributes,
identifiers, time, modifiers) are basic for the design of an
adaptable automated system. It is shown that it is possible to use
additional axes for greater granularity of the stored data. The
multidimensional space structure defined in the article for an
adaptable data model is a flexible set for storing a relational
domain model. Two types of operations in multidimensional
information space are defined. Relations of the relational model
are formed dynamically depending on the conditions imposed on
the coordinates of the points. Thus, an adaptable data
representation model based on multidimensional space can be
used to create flexible dynamic automated information systems.
Keywords: multidimensional space, adaptable data model,
entity, attribute, relation, identifier, Database Management
System, DBMS.

I. INTRODUCTION

The

adaptability is one of the most important

requirements for information systems for various purposes.
This is a characteristic that determines the ability of a system
to develop in accordance with the needs of users and business.
Adaptability is considered quite widely, including in this
concept such interconnected non-functional requirements as
development
ability,
flexibility,
extensibility,
interoperability, etc. [1]. Adaptation of information systems is
the process of turning them to changing operating conditions,
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user needs and business processes both when creating new
systems, and when maintaining existing ones. This iterative
process can be considered an essential part of the life cycle of
an automated system.
The authors of the work [2] describe requirements for the
adaptation system. How fast the system can adapt to the new
requirements, the implementation of tasks depends on the
system.
In the work [3], the author explores the components of an
adaptable information system, which consists of two
subsystems – a data storage subsystem and an intelligent
subsystem. The functioning of the intelligent subsystem
depends on stored knowledge and can be modified through a
change in stored knowledge. Since the intelligent subsystem
must interact with the data storage subsystem, the
development of an adaptable data model is an important task
determining the ability of a system to develop.
The adaptability of an automated information system is
primarily determined by the properties of the data
presentation model. Currently, one of the main means of
describing and storing data is relational Database
Management System (DBMS). This is due to the fact that the
relational model is simple in design and implementation
compared to other data models (hierarchical, network, object)
and has a powerful mathematical apparatus based on set
theory, normalization of relationship schemes, and relational
algebra.
The articles [4] and [5] are devoted to disadvantages of
relational DBMS. The lack of flexibility in the data structure
is one of the significant drawbacks that limit the use of
relational database to create adaptable systems.
In works [6][10] there are traditional structures of
relational models in the form of tables that describe various
relationship patterns.
The authors of the work [11] describe subject areas that can
be modeled using a tabular presentation of the data. It is
possible to uniquely fix and define some entities, then for each
entity uniquely fix certain attributes and some relationships
between different entities in such models.
Articles [12, 13] are devoted the problems of changes to the
DBMS when identifying new entities, properties or
relationships of the subject area. In this case, the data
presentation system must be redesigned, i.e. almost every
time a new model of the subject area is created.
Typically, system behavior is considered in a fixed space.
The behavior of a system is a change in its states in time, the
outcome of which is some
result. However, the use of a
fixed state space does not allow
us to describe the behavior of a

7753

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Multidimensional Space Structure for Adaptable Data Model
complex developing system. Therefore, to create models of
adaptable systems that can more adequately reflect the change
in the system and its development. It is necessary to use a
different way of presenting data, different from the table
representation.
II. MAIN RESEARCH
To solve this problem, it is necessary to introduce three
equivalent concepts: entity (object, thing), attribute (property,
characteristic) and relation (communication, interaction).
These three distinguished concepts-categories are enough to
represent any information about every subject area [15]. In
the process of analyzing a subject area, a certain entity is
distinguished and some unique name is assigned to it. If the
requirement of uniqueness is not fulfilled, then this will lead
to ambiguity and errors. After that, the attributes of the entity
are determined, based on which it was selected from the
subject area. Each attribute is assigned a specific unique name
(name, identifier). Then, all relations of the selected entity
with other entities of the given subject area are studied. Each
relationship is assigned a unique name (identifier, ID).
It is possible to construct a three-dimensional discrete
information space <entity, attribute, relation> as:
(1)
 V , S, O 
where V is a set of entities, S is a set of attributes, O is a set of
relations.
All three sets V, S, and O for a given subject area are finite
sets. The boundaries of such a subject area are large enough
and in some cases may increase. The smallest element of this
space is a three-dimensional point and is called a mivar, and
the space itself is called a mivar space. MIVAR is
Multidimensional Informational Variable Adaptive Reality
[3]. The coordinates of such mivar are described Mi (vi,si,oi).
Mivar is the smallest addressable point of three-dimensional
space <entity, attribute, relation>.
The formalized description of a three-dimensional data
presentation space can be represented as a set:

A  an  , n  1, N

(2)

where A is a set of name`s axes of multidimensional space, N
is the number of axes of multidimensional space.
The set A contains the structure of a multidimensional
space (MDS) and collection of the required number of axes:

MDS  B1  B2  ...  BN ,
where MDS is a multidimensional space,
values

(3)

BN is set of axis

an, BN  bni  , n  1, N , i  1, I n , in is element

identifier of set of axis values an.
The set MDS is the Cartesian product of the sets of axes
values of the multidimensional space. The description of the
data representation of the subject area occurs using the
elements of set BN .
The data model M of the multidimensional space MDS is
described as follows:





M  pi , i ,..., in ,
1 2
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(4)

where

pi ,i ,...,in
1 2

is

the

value

of

multidimensional space with coordinates

the

point

of

 i1, i2 ,..., in  .

The multidimensional concept of data presentation allows
working with dynamic data storage structures, which opens up
new possibilities for creating adaptable systems for collecting
and processing information.
The multidimensional representation of data allows the use
of implicit associative relationships of various concepts and
objects. This means that based on the analysis of the structure
of the stored data, additional information can be obtained that
is not explicitly contained in the database. The concept of a
measure of proximity can be introduced in multidimensional
space. This distance is either between individual points, or
between their sets. It is possible to use a measure of similarity
of different structures. This opens up fundamentally new
opportunities for CAD or GIS systems using the inference
mechanism and laser scanning image processing.
The worldview includes the ideas of an object-oriented
approach and reveals new opportunities and prospects. It is
possible either to expand the description of the studied
objects, or to reduce it. Another feature of the
multidimensional information space is that, if necessary, it is
possible to enter additional axes and dimensions.
Multidimensional space can be divided into separate
subspaces and, according to certain rules, can combine
separate representations into a single whole.
In terms of relational models, a multidimensional
representation is an N-dimensional relational table located in
an N-dimensional space in which all the usual relational tables
are compiled.
It is necessary to determine the general structure of a
multidimensional space to describe an adaptable data model
based on a relational model. A relational data model is a set of
normalized relations (tables) to which relational algebra
operations are applicable [5]. Each relationship includes
many attributes and many records, which are determined by
the relationship key.
Thus, it is necessary to introduce three axes to describe a
relational data model in multidimensional space:
 the axis of entities subject area;
 the axis of entity properties;
 the axis of set of entity record identifiers.
A three-dimensional discrete information space for a
relational data model is transformed into the space <entity,
attribute, identifier>. A formalized description of a such
multidimensional data presentation space can be represented
as a set:

 V , S , ID 

(5)

where ID is a set of identifiers.
The space <entity, attribute, identifier> is called the
determinant and accordingly the axes forming this space are
called determining axes. Then the value of each point in the
defining space depends on the parameters of other axes
forming a multidimensional space.
The
adaptable
system
changes over time. Therefore,
it is necessary to introduce an
axis of time that will determine
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the state of the data model when describing the behavior of an
adaptable information system.
The state of the data model at time t is the set of points in a
multidimensional space whose values in the determining
space with respect to the parameter of the time axis are the last
up to a given time t. The state of the data model to the
relational model is a set of relations at any given time.
To ensure a multi-user mode of operation and security of
stored information, the axis of the system modifiers should be
determined, i.e. many users of the system. This axis
determines which user has changed state data models.
Thus, the structure of a multidimensional space for an
adaptable data model consists of five main axes:
1. The set of entities subject area is described as follows:

V  vi  , i  1, NV

(6)

where V is a set of objects, NV is the number of entities.
2. The set of attributes of entities subject area is
described as follows:

S  si  , i  1, N S

(7)

where S is a set of attributes of entities subject area, NS is the
number of attributes of entities.
3. The set of entity record identifiers is described as
follows:

ID  idi  , i  1, Nid

(8)

where ID is a set of entity record identifiers, Nid is the number
of identifiers. An identifier extracts a specific record from a
relationship in each entity. The record identifier is not
repeated in every respect and is unique.
4. The set of times the state changes of the data model is
described as follows:

T  ti  , i  1, Nt , ti  ti 1

Fig. 1.The data presentation information subspace
The multidimensional space for an adaptable data model
stores relationships of a relational model of the subject area.
The scheme of operations in multidimensional information
space is presented in fig. 2. Therefore, to obtain the query
result, it is advisable to divide the operations into two types.
The first type of operations is operations on elements of
axes of multidimensional space. There are operations with
coordinates of points. These operations are performed on the
coordinates of points in a multidimensional space without
analyzing the values of these points. These are operations on
allocation of various subspaces corresponding certain
conditions along the axes (operations to obtain slices of
multidimensional space).
The second type of operations is relational algebra
operations (SQL).

(9)

where T is a set of times, inequality ti < ti+1 means that event
ti did not occur before event ti+1.
5. The set of modifiers is described as follows:

U  ui  , i  1, NU

(10)

where U is set of modifiers or identifiers of the users, NU is
number of modifiers, ui is identifier of the user who made the
change in the value of the point of the multidimensional
space.
The structure of a multidimensional space taking into
account formulas (6)-(10) will have the following form:
(11)
MDS  V  S  ID  T U
Accordingly, any point of a multidimensional space
p MDS will have the following coordinates:

p  v, s, id , t, u 
Fig. 1 shows the subspace

 V , S , ID 

(12)
that defines

the relational data model, and the highlighted point stores the
value of the attribute vi with identifier id j of the relation sk .

Fig. 2.The scheme of operations in multidimensional
information space
Therefore, the function of determining the value of a point
of a multidimensional space can be represented:

m p  M ( p)

Operations with the coordinates of points make it possible
to select the required subspace for solving the problem of the
subject area. Then, the selected subspace is transformed into
the relations of the subject domain by repeatedly applying the
function M ( p) to all points of the selected subspace. Next,
relational algebra operations can be applied to the obtained
relations to determine the query result.
The multidimensional information space MDS can be
represented in matrix form as follows:

M  mp
(14)
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Тhe multidimensional space taking into account formulas
(12)-(14) will have the following form:

M  mv, s, id , t , u

  v, s, id , t , u   true,
where

  v, s, id , t , u 

vD VA \ VB , sD  S A \ S B , id D  IDA \ IDB ,

(15)

The matrix consists of the values of the points of
multidimensional space. If the point is not included in the
description of the subject area, then its value is “null”.
The algebra of multidimensional matrices contains 6
operations: access area, union, intersection, difference of
subspaces of multidimensional matrices, section and slice. It
is necessary to describe each of the operations for
multidimensional matrices.
The operation "Access area" for the user is called a
multidimensional matrix of the following form:

M ui    M MDS   mv, s,id ,t ,u ,

M D  M A \ M B  cvD , sD ,id D ,tD ,uD ,

(16)

t D  TA \ TB , uD U A \ U B .
Since all multidimensional matrices are parts of the same
multidimensional space, then in different matrices the
elements having the same indices have the same values.
Therefore, when operations combining, intersecting, and
difference between subspaces of multidimensional matrices,
there is no need to check the values of points in space.
The result of these operations will always be a
multidimensional matrix that describes the corresponding
certain part of the general multidimensional space.
The set of matrix elements with a fixed value of the indices
is called the section with orientation.
The operation "Section" of a multidimensional matrix is a
multidimensional matrix of the following form:

M    f m i ,..., in
1

is the function of checking the

ownership of the matrix element with the coordinates
p  v, s, id , t, u  of the access area defined by the user.
The access area makes available that part of the
multidimensional space that the user has access.
Let two multidimensional matrices MA and MB are given as
follows:

M A  mvA ,sA ,id A ,t A ,u A ,
vA VA  V , s A  S A  S , id A  IDA  ID,

(17)

t A  TA  T , u A U A  U ,

t B  TB  T , uB U B  U ,
The operation "Union" of subspaces of multidimensional
matrices is defining as follows:

M D  M A  M B  cvD , sD ,id D ,tD ,uD ,
vD VA  VB , sD  S A  S B , id D  IDA  IDB , (19)
t D  TA  TB , uD U A  U B .
The operation "Intersection" of subspaces
multidimensional matrices is defined as follows:

i1,..., in, n  N .
The operation "Section" exists at various levels. The
first-level section is an n-dimensional matrix in which the
value of one index is fixed. The second level section is called
an N-dimensional matrix, in which the values of two indices
are fixed, etc.
The operation "Slice" of a multidimensional matrix is a
multidimensional matrix of the following form:
1

vB VB  V , sB  S B  S , id B  IDB  ID, (18)

of

condition that does not include equality of indices to a certain
value.
III. RESULT
The operations of the algebra of multidimensional matrices
can be considered as an extension of the operations of
relational algebra and the existing language SQL. These
operations are used to dynamically form the relations of the
relational model stored in a multidimensional space,
depending on the conditions imposed on the coordinates of
the points. Fig. 3 shows the multidimensional space in the
form of a three-dimensional cubic matrix.

vD VA  VB , sD  S A  S B , id D  IDA  IDB , (20)
t D  TA  TB , uD U A  U B .
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(23)

where f (i1 ,..., in ) is function for checking a logical

M D  M A  M B  cvD , sD ,id D ,tD ,uD ,

The operation "Difference" of subspaces
multidimensional matrices is defining as follows:

(22)

where f is function for checking the logical condition for the
indices of the original multidimensional matrix

M    f m i ,...,in

M B  mvB , sB ,idB ,tB ,uB ,

(21)

of
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operations do not analyze the values of the matrix elements,
but form the relationships of the relational model depending
on the conditions imposed on the indices. Algebra is defined
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model. This ensures that when applying the introduced
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Fig. 3.The graphical representation of the
multidimensional space in the form of a
three-dimensional cubic matrix
The graphical representation of operation "Section" is
shown in fig. 4. The example shows the result of the operation
"Section", when the third coordinate is fixed in the
three-dimensional matrix. The operation result is a
two-dimensional matrix.
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In the work, the multidimensional space structure for
adaptable data model and introduced multidimensional matrix
algebra to work with this space.
As a result of the study, the main five axes of
multidimensional space (entities, attributes, identifiers, time,
and modifiers) for the design of an adaptable automated
system are identified.
The operations of the algebra of multidimensional matrices
can be considered as an extension of the operations of
relational algebra and the existing language SQL. These
operations are used to dynamically form the relations of the
relational model stored in a multidimensional space,
depending on the conditions imposed on the coordinates of
the points. Then, to obtain the final result of the query on the
obtained relations, one must apply the operations of relational
algebra.
The results of the study have shown that an adaptable data
representation model based on multidimensional space can be
used to create flexible dynamic automated information
systems.
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